and Seiffert (1939) independently described the production of opalescence in huiman serum by type A Clostridium welchii toxin. This reaction was found to be correlated with the lethal action of the exotoxin and inhibited by specific immune serum. MacFarlane and Knight (1941) , in an analysis of the chemical reactions involved in this phenomenon, demonstrated that the a fraction was the responsible component of the toxin and that it was a lecithinase. A simple method for the titration of this lecithinase activity using filtered egg yolk lecithovitellin (LV) was developed by van Heyningen (1941). As a result of these and other investigations, convenient in vitro methods for estimating the potency of type A C. welchii toxins are available and the titrations of antibody responses following infection or immunization have been simplified.
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It was noted by Nagler (1939) , at the time of his initial observations, that, unlike human serum, the production of opalescence by C. welchii toxin did not occur with most animal serum. Several explanations of this nonreactivity of normal animal serum are possible: (1) lack of substrate in available form, (2) lack of necessary coenzymes, (3) presence of specific immune bodies, and (4) presence of naturally occurring nonspecific inhibitory substances. The experimental evidence presented here appears to support the last of these explanations.
MATERIALS AND METHODS
Toxin was prepared from a lyophilized stock culture of a type A C. welchii (SR-12) which was obtained from the Microbiological Institute of the National Institutes of Health. The organism was cultured in a veal infusion tryptose phosphate broth with 1 per cent added glucose. After 18 hours' incubation at 37 C in a Brewer anaerobic jar, the broth was filtered through a no. 6 Seitz pad. A single pool of the crude SR-12 filtrate, stored at 4 C in sealed ampoules, was used for all experiments.
The LV substrate was prepared by a modification of the method of van Heyningen (1941) . One hen's egg yolk was mixed in 250 ml of physiological saline solution, heated at 56 C for 30 minutes, and filtered after cooling through a no. 14 Seitz pad. The resulting clear and sterile solution was kept at 4 C and was not used after 1 week of storage.
Previous methods that have been devised for the quantitative determination of lecithinase activity are dependent on a short reaction period using high concentrations of enzyme (MacFarlane and Knight, 1941; van Heyningen, 1941; . These procedures were not considered to be readily adap- (MacFarlane and Knight, 1941) , these factors were found to play a negligible role in these experiments in which the reaction times were prolonged. The pH was tested frequently and found to vary little from 6.5 and necessary trace amounts of calcium ion were present in the reacting materials.
Unless otherwise indicated, the serums used in these experiments were unheated, pooled specimens obtained by cardiac puncture in animals and venepuncture in humans. Immune rabbit serum (IRS) was produced in adult, male rabbits, by 3 weekly intravenous injections of SR-12 filtrate, the animals being bled 7 days after the last inoculation. The saline tissue extracts were prepared from freshly sacrificed normal animals. After mincing and washing, the tissues were ground as 20 per cent physiological saline suspensions in a Waring blender, and Seitz-filtered. The clear filtrates were used as test material.
EXPERDIENTAL RESULTS
The crude SR-12 filtrate produced hydrolysis of the LV solution in a dilution of 1:256. This end point was reproducible on repeated determinations. This concentration of filtrate represented approximately 0.01 MLD for 21 day-old Swiss mice.
Inhibition of LV hydroly8i. Five-tenths ml of a 1:128 dilution of SR-12 filtrate constantly produced opalescence of an equal volume of LV. At this concentration, which is designated as the twice lecithin-hydrolyzing dose (2 LHD), the toxin could be stored at 4 C in a stoppered flask for several weeks without loss of activity. Titers of inhibition of test materials were determined for this quantity of enzyme. Serial twofold dilutions of 0.5 ml of serum were made in test tubes containing 2 LHD of SR-12 filtrate. To compensate for the dilution factor of the serum, the first tube contained 0.5 ml of a 4-LHD concentration of the filtrate. To each final 0.5-ml volume, containing 2 LHD of SR-12 filtrate and falling concentrations of inhibitor, 0.5 ml of LV were added. The reactions were read after 18 hours of incubation at 37 C and the titers of inhibition recorded as the last tube that showed clear LV solution. Four controls were used for each series of experiments: (1) positive control-2 LHD and LV, (2) negative control-test material and LV, (3) serum control-serum or tissue extract and 2 LHD, and (4) saline control-saline and LV.
Normal serums of rabbits, mice, and guinea pigs and nonnal human serum (NHS) were assayed for lecithinase inhibition by this method. For comparison, titrations of inhibition of IRS and saline tissue extracts of normal animals were done. Normal rabbit serum (NRS) exhibited a pronounced inhibitory effect on the 2-LHD hydrolysis of LV; the serums of normal guinea pigs and mice were somewhat less effective. The reaction was unaffected by NHS, which became opalescent when incubated alone with this quantity of enzyme; all normal animal serum controls were negative. Saline extracts of tissues of normal rabbits and mice produced an inconsistent inhibition of a lower order than the serums of these species. The serum of immunized rabbits exhibited the expected high titer of inhibition (table 1) .
Inhibition of hemolytic activity. Confirmatory evidence of this inhibitory phenomenon was sought by the use of a different substrate-indicator system. The correlation between toxicity and lechithinase activity of type A C. welchii filtrates Anderson, 1941) . However, at least two distinct fractions of the crude toxin are known to possess hemolytic activity, the a-fraction or lecithinase and a "purely hemolytic" 0-toxin (Oakley and Warrack, 1941) . It has been postulated that a-toxin causes lysis of erythrocytes by hydrolysis of the lecithin of the cell membrane (MacFarlane, Oakley, and Anderson, 1941 The influence of heat on the serum inhibitors of the 2-LHD hydrolysis of LV was determined and compared with IRS. As seen in table 3, normal serum inhibitory activity is progressively diminished with increasing temperature and time of exposure. In contrast to this is the marked heat resistance of specific antienzyme. The inhibitory activity of NRS could not be restored by guinea pig complement.
The lecithinase activity of type A C. welchii toxin is only partly inactivated by boiling for 10 minutes or by exposure to 37 C for 18 hours. This stability to heat was completely altered by mixing the enzyme with normal serum. In the presence of subinhibitory doses of NRS, SR-12 lecithinase activity is completely destroyed at 56 C for 30 minutes. This procedure did not decrease the enzyme activity when the exposure was 37 C for 18 hours (table 4).
Effect of inhibritors on toxicity for mice. The correlation between the lecithinase activity of a-toxin and its lethality has been amply demonstrated as has the relation of the antilecithinase effect of immune serum to its toxin-neutralizing capacity (Oakley and Warrack, 1941 ). An attempt was made to detect gross differences in the in vivo protective action of some of these inhibitory materials.
Equal amounts of lyophilized SR-12 filtrate were reconstituted in saline, IRS, LV, NRS, and 10-times-concentrated NRS. These solutions were allowed to stand at room temperature for 1 hour prior to injection intravenously of 0.3-ml quantities into 21 day-old Swiss albino mice. This volume of saline-reconstituted toxin represented 5 MLD. Control NRS and LV inoculations were also made; they had no effect. Deaths were recorded at half-hourly intervals and the mean survival time was computed for each group.
As expected, IRS completely protected the mice. There was no protection afforded by LV or by either the unconcentrated or lyophilized NRS. Although the mean survival times of mice injected with dried SR-12 toxin reconstituted in LV or NRS were somewhat shorter than the saline-reconstituted toxin controls, these results were within the limits of the experimental error. The mechanism of action of immune serum in preventing the lecithinase hydrolysis of lecithin is presumably through the formation of an enzyme-antibody complex. have also shown that C. welchii lecithinase will form a complex with lecithin to the exclusion of subsequently added antibody. This formation of an enzyme-substrate complex appears to be confirmed by the studies presented here, since LV will inhibit the action of the enzyme on another substrate, sheep erythrocytes. However, the lecithinase-LV complex is dissociable with hydrolysis of LV, whereas the enzyme-antibody complex is stable.
The inhibitor of normal serum appears to act directly on the enzyme and not the substrate, the LV concentration being far in excess of either lecithinase or inhibitor. This inhibitory action may be due to the formation of an enzymeinhibitor complex. If this hypothesis is correct, this union differs from that of lecithinase and lecithin in its relative nondissociability in comparable incubation periods. Also, no action of the enzyme on the inhibitor is demonstrable; the loss of inhibitory activity of NRS when incubated at 37 C with SR-12 filtrate is no more than can be accounted for by its lability at this temperature.
The loss of heat resistance of lecithinase in the presence of subinhibitory doses of NRS may provide additional evidence of complex formation. It is possible to explain this alteration of stability as either an increase in the extent of the union at higher temperatures or as the result of greater lability of the complex.
Of the species studied, there is no correlation between the level of titratable serum inhibitor and susceptibility to the toxic effects of C. welchii filtrates. It is also evident that under the experimental conditions imposed, no neutralization of the lethal action of the toxin for mice is demonstrable by NRS or LV.
SUMAnRY
The serums of normal rabbits, guinea pigs, and mice produce a slight but definite inhibition of the lecithinase activity of type A Clostridium welchii toxin. The reaction is not affected by normal human serum.
Both normal rabbit serum and lecithovitellin inhibit the hemolytic action of the toxin; the effect of normal rabbit serum is more prolonged.
The nonspecific serum inhibitor is distinguished from antibody by its differential heat lability. In the presence of subinhibitory doses of normal rabbit serum, the marked resistance to heat of the lecithinase is lost. The possible relation of these effects to the formation of an enzyme-inhibitor complex is discussed.
Neither normal rabbit serum nor lecithovitellin diminishes the lethal action of the crude toxin.
